A technique is developed for reducing the amount of aliasing in the spectral analysis of TIDI observations, by ingestion of ground-based data into the satellite data set. A multi-dimensional (space-time) least squares fitting approach is applied to the satellite and ground-based data to determine the aliasing spectra. The addition of ground-based data to the TIDI data set reduces the aliased components in the aliasing spectrum. For example, at 20 ø latitude, the combined ground-based and TIDI data set of a sampled input semidiurnal (frequency of 2 days -•) signal with zonal wavenumber 2 results in a factor of 2 reduction in the amount of power aliasing into a signal with zonal wavenumber 0 and frequency 0 days -•.
In this paper we have studied the application of spacetime analysis of the TIDI observations in retrieving uncontaminated estimates of tidal harmonics. This paper presents a technique that combines space-borne and ground-based observations to optimize the retrieval of tidal harmonics from the observations, whilst effectively reducing the power leakage (aliasing) into the signal from aliased frequencies and wavenumbers.
The TIMED-Doppler Interferometer
The TIMED-Doppler Interferometer [Killeen et al., 1999] is the principal instrument aboard the TIMED satellite for investigating the dynamics of the MLTI region. The satellite will be placed into a 74.1 ø inclined orbit at an altitude of 625 km. The primary data products of TIDI will be the horizontal vector winds and neutral temperatures from 60-300 The Aliasing Spectrum Salby [1982] showed that asynoptic (observations made at a single location at a given time) space-time satellite data can be spectrally analyzed in the wavenumber-frequency domain via a rotation from synoptic (simultaneous observations at different locations) to asynoptic coordinates and performing a Fourier transform. A significant advantage of this approach is that it directly maps the asynoptic data set to the equivalent space-time spectrum. However, since this approach relies on the discrete Fourier transform (DFT) operation, any irregularities in the sampling (non evenly spaced sampling), will destroy the orthogonality of discrete [1995] identified random sampling as the best scheme for sampling stationary or slow moving waves. However, they also indicated that such a sampling scheme was not conceivable due to practical considerations. This paper presents an approach which introduces a more realistically achievable non-uniformity in the sampling pattern to exploit the idea of random sampling being the best scheme to reduce aliasing.
An artificial low white noise wave field was generated with the s -2 and tr -2 [days -1] to test this approach. In addition to the number of ground-based sites, the separation between the sites also impacts the aliasing spectrum. In general, the optimum separation between the sites is dependent upon what signal and aliased components are present in the spectrum. For an input (2,2) signal and aliased components at (0,0) and (4,4), best results were obtained when the longitudinal separation between the stations was greater then 45 ø . Tests, where the separation was arbitrarily reduced to less than 45 ø , indicated an increase of power at the aliased wavenumbers and frequencies.
AZEEM ET AL.: SPACE-TIME ANALYSIS OF TIDI MEASUREMENTS
While a single ground-based station is not capable of distinguishing different zonal wavenumbers due to its fixed geographical location, the combined ground-based radar and TIDI sampling is capable of separating the contributions from various zonal wavenumbers. The 2D least squares fitting algorithm for calculating the aliasing spectrum, presented here, contains no inherent assumptions regarding the composition of the perturbation fields. As a result, the aliasing spectrum for any input signal with any frequency and wavenumber (migrating or non-migrating tide) can be computed and optimized with the addition of ground-based sampling to reduce the aliased components in the spectrum.
Conclusions
We have applied a least squares fitting approach to the space-time spectral analysis of TIMED-TIDI measurements. The results of spectral analyses of TIDI samples at 20 ø latitude indicate that contamination introduced by aliasing can be reduced by incorporating ground-based data into the TIDI data set. The salient results of this study are summarized in Table 1. This study presents a simplified approach to address the issue of aliasing in the analysis of satellite observations of perturbation fields in the MLTI region. In order to better illustrate the results, the aliasing problem has been simplified by assuming the model atmosphere to be composed of a single perturbation mode i.e. the (2,2) component. However, this work can be easily expanded to include other wave perturbations that are present in the MLTI region. Also, observations from ground-based sites other than the MF radar locations reported here can be used to construct the combined data set. Further work is needed to determine the optimum configuration for the locations of ground-based instruments to support the unambiguous determination of tidal harmonics at multiple locations using the combination of satellite (TIDI) and ground-based observations.
